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(54) Abstract Title 

A device and method for determining friction 

(57) A device consists of a rigid pendulum (1) pivoted at its upper end (2) and with a ball (5) retained at its 
lower end in a holder (6) such that the centre of the ball lies on are In close proximity to the longitudinal axis of 
the pendulum. The holder is attached to a shoe (3) which pivots about a point (4) on a projection offset from 
the bottom end of the pendulum so that the shoe moves in an arc which lies in a vertical plane perpendicular 
to the vertical plane in which the pendulum swings. Movement of the shoe about this pivot allows the ball 
holder (6) and thus the ball (5) to move in an approximately radial direction with respect to the pendulum pivot 
and the degree of movement of the shoe about its pivot is limited by stops (7a, 7b) provided on the pendulum. 
The complete pendulum device is supported in a tripod framework or alternative rigid support. 
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3lWW.ce and Method for Determini nc^Pri r.t.i on 

The present invention relates . to a device and a 
5 method for determining frictional force, more 

particularly the frictional force (coefficient of 
friction) between a games ball and a playing surface. 

Many games require that a ball be propelled by a 
player to rebound off a surface, as in for example 
10 tennis, golf, squash, cricket and so on. Generally, 

balls for such games are made to rigid technical 
specifications but surfaces often vary widely in 
composition and consistency and so the rebound of a 
ball may vary considerably in terms of its speed and 
15 angle. This can introduce significant and often 

^ undesirable playing characteristics into such games. 
Complex electronic equipment is available for 
measuring the rebound performance of balls off surfaces 
consisting of 'black boxes 1 through which a ball is 
20 made to pass before and after obliquely striking a 

surface. However, such equipment is expensive, and 
because it is not readily portable and requires mains 
electricity, it does not lend itself to outdoor use. 
There is therefore a requirement for a simpler, less 
25 expensive measuring device which is portable and easy 

to use. 

In considering the basis for such measurement it 
is convenient to consider the way in which the ball 
interacts with a surface by resolving its motion in two 

3 0 mutually perpendicular directions (ie perpendicular and 

parallel to the surface respectively) and to consider 
these two components of motion separately. Measurement 
of .the parameters of each component can then be used 
together to assess the mode of ball rebound from an' 

3 5 oblique impact with the surface. 

A simple test is available for assessing rebound 



perfcprmlSKi perpendicular to the surfac^ This consists 
of measuring the percentage vertical rebound on 
dropping a ball from a fixed height onto that surface. 
No such simple test is available for assessing 
perf ormance parallel to the surface, which requires 
measurement of the friction generated between the ball 
and surface during the time they are in contact. The 
present invention addresses that requirement by- 
providing a simple device for this purpose. 

According to one aspect of the invention there is 
provided a device for determining the coefficient of 
friction between a games ball and a playing surface, 
comprising: 

a rigid pendulum mounted by a pivot at one of its 
ends to a frame placed on the surface, allowing the 
pendulum to describe a vertical arc over the surface; 

means for holding a ball at or adjacent the other 
end of the pendulum; 

means for adjusting the position of the pivot 
relative to the surface, and/or for adjusting the 
position of the ball relative to the pivot, to ensure 
contact of the ball with the surface over a desired 
length of a lower portion of v the arc; and 

means for measuring the extent of the arc 
described by the pendulum following contact of the ball 
with the surface, so as to allow determination of the 
coefficient of friction between the two. 

In a preferred embodiment, the holding means 
comprises a holder which is attached to the pendulum by 
a rotatable shoe arranged such that the. plane of the 
rotation of the shoe relative to the pendulum is 
perpendicular to the plane of the pendulum arc, and 
such that the centre of the ball can move in an 
approximately radial direction with respect to the * 
pendulum pivot, and at a point where the pendulum is 
vertical, the centre of the ball lies on a vertical 
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line pa^^ng through that pivot. 

The shoe may be provided with adjustable stops 
which control within fixed limits the extent of 
movement of the ball holder in said radial direction in 
order to control the length of contact between the ball 
and the surface . 

The shoe may be attached to a lateral projection 
of the pendulum, allowing the holder and ball to be 
disposed underneath the end -of the pendulum and thus to 
move substantially along the axis of the pendulum. 

In addition, a load may be applied to the shoe by 
means of interchangeable springs so that the force 
applied by the ball to the surface in a direction 
normal . to the surface may be varied. For example, a 
tension spring may be extended between the shoe and a 
point part -way along the pendulum. 

To determine "sliding" friction between the ball 
and test surface, the ball is firmly fixed in the 
holder so that it cannot rotate under the frictional 
forces generated. Alternatively, the ball is mounted in 
the holder in such a way as to permit either free or 
restrained rotation of the ball within the holder, to 
allow determination of "rolling" friction. 

In a preferred embodiment, the adjusting means 
comprises a screw device mounted in the frame and 
capable of being locked in position, to which the 
pendulum pivot is attached. 

In a preferred embodiment, the measuring means 
comprises a scale placed parallel to the plane of the 
pendulum' arc, and a pointer which is rotatable about 
the pendulum pivot to follow the swing of the pendulum. 
The pointer may be equipped with a holding device, to 
hold it in position when the pendulum arc reaches its 
maximum extent following contact of the ball with the 
surface. 

The device of the present invention can be applied 



-4- 

to balJ^^nd surfaces used in the games^K: tennis, 
cricket, hockey and squash rackets among others. 

According to a second aspect of the invention, 
there is provided a method of determining the 
frictional force between a games ball and a playing 
surface, comprising the steps of: 

retaining a rigid pendulum at one end to a pivot 
fixed above the surface, allowing the pendulum to swing 
vertically over the surface;* 

mounting a ball at or adjacent the other end of 
the pendulum; 

adjusting the height of the pivot above the 
surface, and/or adjusting the position of the ball 
relative to the pivot, in order to ensure contact of 
the ball with the surface over a desired length of the 
lower part of the pendulum swing; 

measuring the extent of the pendulum swing 
following contact of the ball with the surface; and 

determining the frictional force between the ball 
and the surface based on the measured extent of the 
pendulum swing. 

A preferred example of this method involves the 
following sequence of operations: 

(a) The ball is inserted in a holder attached to 
a rigid pendulum by a pivoted shoe. 

(b) The height of the pendulum pivot above the 
test surface is adjusted so that the moment of weight 
of the shoe/holder/ball only is applied to the surface 
through the ball and a fixed distance is set between 
the shoe and a fixed upper stop. 

(c) A spring is then fitted to apply a load to 
the shoe such that it is pressed down against a lower 
stop when the pendulum is not vertical and such that 
when the pendulum is vertical an additional force i*s 
applied to the surface through the ball. 

(d) The lower stop is adjusted to give a ball/ 



surfaceTontact path of known length as the pendulum 
describes its lower arc. 

(e) The pendulum is then raised to a pre- 
determined height and released so that the ball 
descends towards, then contacts the surface as the 
pendulum describes its arc. 

(f) The maximum angle of the pendulum's swing 
after ball/surface- contact is measured by the slave 
pointer and the energy absorbed during the contact 
portion of the swing is assessed. 

Reference will now be made, by way of example 
only, to the accompanying drawings in which: 

Fig. 1 is a side elevation of a device embodying 
the invention; and 

Fig. 2 is a rear elevation of the same device. 

The device consists basically of a rigid pendulum 
pivoted at its upper end and upon which a ball is 
retained at its lower end in a holder ; so that the 
centre of the ball lies on or close- to -the longitudinal 
axis of the pendulum. The holder itself is attached to 
a shoe which pivots about a point on a projection 
offset from the bottom end of the pendulum, such that 
the shoe moves in an arc which lies in a vertical plane 
perpendicular to the vertical plane in which the 
pendulum swings. Movement of the shoe about this pivot 
allows the ball holder and thus the ball to move in an 
approximately radial direction with respect to the 
pendulum pivot (that is, along the axis of the pendulum 
when the ball centre is on that axis) and the degree of 
movement of the shoe about its pivot is limited by 
stops provided on the pendulum. The complete pendulum 
device is supported in a tripod framework or 
alternative rigid support. 

A preferred embodiment of the device is shown "in 
Figures 1 and 2. The pendulum 1 is pivoted at 2 in a 
tripod framework (not shown) such that the pivot can be 
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moved bf(J^ screw device 14 in a vert ict^^direct ion and 

subsequently locked in position so that the height of 
this pivot can be set at different heights above the 
test surface 8 , 

Adjustment of the height of the pivot is desirable 
in order to allow for: 

(i) surfaces which distort under the weight of 
the ball/shoe when setting-up for a test (see 
(3) below) ; : 

(ii) balls which distort under the same weight, 
such as soft tennis balls;' 

(iii) testing of sample pieces of the test surface, 
which may be placed between the legs of the 
tripod framework and thus raised above the 
surface on which the framework stands. For 
example, a piece of synthetic carpet material 
such as a carpet tile could be tested in this 
way . 

The ball 5 is shown in a holder 6 which is 
attached to a shoe 3 pivoted at 4 to a projection 13 
extending laterally from the end of the pendulum. The 
holder is designed to hold the ball firmly so that it 
cannot rotate on striking the surface. 

The movement of the shoe is restricted by stops 7a 
and 7b, and a load is applied to the shoe so as to hold 
the ball against the surface 8 by tension spring 12. 
The contact path AB of a point on the ball furthest 
from the pendulum's pivot is shown where it is 
constrained to contact and move along the test surface 
rather than through arc ACB (which it would follow if 
the surface was not present - the ball position shown 
dotted at 15) before and after which the lower stop 7b 
prevents contact as the pendulum swings through its 



II 

arc, Th? a ?ieight to which the pendulum swings after the 

OA 

ball has contacted the surface is measured by scale 11 
by slave pointer 10 which is controlled by peg 16 on 
the pendulum 1. 

The pendulum may be made of wood, metal or fibre - 
reinforced plastic. In one specific example, the 
pendulum is set up so that its pivot 2 is. 0.98m above 
the test surface, with a distance from its centre of 
gravity to the pivot of 0.54m, and a moment of inertia 
about the pivot of 0 . 277kgm 2 .' 

In carrying out a test the following sequence of 
operations is followed. 

(1) The tension spring 12 is removed and the ball 
5 is fitted into the holder making sure that it is 
firmly seated. 

(2) With the pendulum vertical (at rest) , its 
pivot 2 is moved up with respect to the test surface 8 
by operating screw 14 until the ball is not touching 

' the surface because its degree of pivoting about pivot 
4 is restricted by lower stop 7b. 

(3) Keeping the pendulum vertical, the pivot 2 is 
then moved downwards with respect to the test surface 
until the ball touches the surface and this downward 
movement is continued until the gap between the shoe 
and the upper stop 7a reaches a pre-determined setting 
as judged by a feeler gauge. The pivot of the pendulum 
is then locked in position so fixing its height above 
the test surface taking account of the weight of the 
shoe/holder/ball acting about the shoe's pivot. This is 
particularly important where deformable surfaces are to 
be tested. 

(4) The tension spring 12 is then replaced. This 
acts about the shoe's pivot so forcing the shoe to 
contact the lower stop 7b when the pendulum is raised 
from the vertical position. In the above specific 
example, the permitted movement of the shoe from the 



set -exposition in the direction along the radius from 
pivot 2, until limited by stop 7b, is pre-set to 
between 0 . 5 and 2 . Ocm depending on the length of 
contact path required. 

(5) The pendulum is then raised by an operator 
(tester) by rotating it (anticlockwise in Fig. l) until 
its axis is horizontal and the slave pointer (10) is 
set to zero. 

(6) The pendulum is allowed to fall so as to 
describe a vertical arc in the direction indicated by S 
in Fig. 1. During the lower (middle) portion of this 
arc, the ball contacts the surface over a distance AB 
which is pre -determined by the setting of the lower 
stop 7b, At this time, the ball is held against the 
surface by the tension of spring 12 (which also 
prevents any unwanted rebound) . 

(7) The pendulum carries the slave pointer to 
indicate its maximum angle of swing after the ball 
contacts the surface and the pendulum is restrained 
(e.g. caught by the operator) before it falls back 
towards the surface. 

(8) The scale reading is taken and the loss in 
energy of the pendulum assessed. This can be related 
to the friction existing between the ball and surface 
as explained below. 

The initial setting-up procedure referred to in 
paragraphs (1) to (4) is necessary so that surfaces of 
different "texture and deformability may be evaluated 
and also balls of different diameter can be used. In 
this way the effective length of the pendulum is set 
under the action of the moment of weight of the 
ball -holder/shoe assembly only bearing onto the surface 
so that the combined deflection of ' the ball/surface is 
taken into account initially and the pendulum's pivot 
height set accordingly. This is particularly important 
when fibrous surfaces (eg grass) are being evaluated. 
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, In^Whsidering the mechanics of the^ystem, it 
might be thought that the fact that the ball /holder 
moves radially (under control of the stops) with 
respect to the pendulum f s pivot as it moves to and 
5 through the ball surface contact area would negate* the 

validity of the use of change of energy to measure the 
force of friction operating. On reflection it will be 
seen that this change in radius occurs both on entering 
and leaving the contact area'and so the two effects 
10 cancel out and do not affect the outcome. 

Measuring the extent of the pendulum swing 
following contact of the ball with the surface enables 
the coefficient of friction between the two to be 
calculated. 

15 The theoretical basis for this will now be 

explained. In the following analysis: 

P = the energy input by the pendulum falling 

from the horizontal. , 
E = % of input energy remaining after ball 
2 0 surface contact. 

E* a % of input energy remaining corrected 
for system losses. 

e = the corrected energy loss as % of input 
energy. 

2 5 d = contact path length. 

R =? the vertical force (or reaction) between 

ball and surface. 
F = force of friction. 
fji = coefficient of friction. 
30 It is assumed that during ball/surface contact, F 

and R are constant . 

The energy loss in the pendulum system due to 
bearing friction and air resistance is measured by 
allowing the pendulum to fall from the -horizontal go 
35 that the ball does not contact the surface and the % of 

energy remaining measured from the scale. This was 
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measur^j^it 92% in experiments conduclj^ so that 



E* = 100.E/92 
Therefore corrected % energy loss e = 100 - E* 
. which can be calculated for each scale reading. 
Now actual energy loss = e.P 

Work Done against 
Friction 
• = F.d 

. But F = fi.R 
Therefore e.P/d = /x.R 

so \l = , e.P/R.d 

If values of R and d are varied for a known P and 
measured e, then the coefficient of friction (i can be 
found. 

Values of P,R and d used in trials were as 
follows: 

P = 0.794 J 

R m (a) 1.94 Kg. and (b) 2,30 Kg 
d = (i) 0.246 m and (ii) 0.338 m 

Typical data is given below for tests using a 
tennis ball on three different surfaces, using two 
different combinations (a) and (b) of the load R on the 
ball, and two values (i) and (ii) of contact path 
length d. The length of the contact path is adjusted 
by setting the position of stop 7b as mentioned above, 
the values (i) and (ii) below corresponding to 
permitted radial movements set by stop 7b of 0.75 and 
1.71cm respectively. 
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# 



'11' 



Contact Path Length d 
(i) -246m (ii) .338m 



Surface Load R E E* 



Wood (a) 1.94Kg 72 78 22 .37 

(b) 2.30kg 60 65 35 .36 

10 Plastic (a) 1.94kg 60 65 35 .58 

Carpet (b) 2.30kg 35 38 62 .63 



Concrete (a) 1.94kg 64 70 3 0 .50 

(b) 2.30kg 49 53 47 48 



It should be noted that, in the embodiments 
2.0 described above, the ball is fixed so that it does not 

rotate on contact with the surface and so a sliding 
rather than a rolling motion is produced which. is 
considered to be more significant in terms of the ball/ 
surface interaction. 
25 As an alternative, however, the holder could be 

adapted to permit rotation of the ball within the 
holder. For example, a roller or ball bearing could be 
mounted within the upper part of an enlarged holder, 
having an exposed rolling surface bearing against the 
30 test ball. Alternatively, a fixed surface could bear . 

against the test ball. In either case, the surface 
could be arranged to permit either free or restrained 
(braked) rotation as desired. 

The described embodiment employs a pointer 10 and 
35 scale 11 in order to display the extent of the pendulum 
swing. However, this is not essential and particularly 
in cases where a small-sized device is needed, the 
scale and pointer may be replaced by an electrical or 
electronic device (rotary position sensor) having a 
dial or readout for displaying the angle obtained. 
This would normally be located on or linked to the 
pivot 2 in order to detect rotation of the pendulum 
about that pivot. 
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1. A device for determining the coefficient of 
friction between a games ball and a playing surface, 
comprising: 

a rigid pendulum mounted by a pivot at one of its 
ends to a frame placed on the surface, allowing the 
pendulum to describe a vertical arc over the surface; 

means for holding a ball at or adjacent the other 
end of the pendulum; 

means for adjusting the position of the pivot 
relative to the surface, and/or for adjusting the 
position of the ball relative to the pivot, to ensure 
contact of the ball with the surface over a desired 
length of a lower portion of the arc; and 

means for measuring the extent of the arc 
described by the pendulum following contact of the ball 
with the surface, so as to allow determination of the 
coefficient of friction between the two. 

2. A device according to claim 1, wherein the 
holding means comprises a holder which is attached to 
the pendulum by a rotatable shoe arranged such that the 
plane of the rotation of the shoe relative to the 
pendulum is perpendicular to the plane of the pendulum 
arc, and such that the centre of the ball can move in a 
controlled manner in an approximately radial direction 
with respect to the pendulum pivot, and at a point 
where the pendulum is vertical, the centre ;*of the ball 
lies on a vertical line passing through that pivot. 

3. A device according to claim 2, wherein the 
shoe is free to rotate within a range of movement 
defined by adjustable stops provided on the pendulum, 
thereby defining the extent of movement of the ball 



holder ^^said radial direction in ord^Ro control the 
length of contact between the ball and the surface, 

4. A device according to claim 2 or 3, wherein 
the shoe is pivoted from. a lateral projection of the 
pendulum, allowing the holder and ball to be disposed 
underneath the end of the pendulum and thus allowing 
the ball to move substantially along the axis of the 
pendulum. 

5. A device according to any of claims 2 to 4, 
wherein a load is applied to the shoe by means of 
interchangeable springs so that the force applied by 
the ball to the surface in a direction normal to the 
surface may be varied. 

6. A device according to claim 5, wherein each 
of said springs is a tension spring extended between a 
point on the shoe and a point part -way along the 
pendulum. 

7. A device according to any preceding claim, 
wherein the means for holding the ball is adapted to 
hold the ball in a firmly fixed position for 
determination of sliding friction. 

8. A device according to any of claims 1 to 6,. 
wherein the means for holding the ball is adapted to 
hold the ball in such a way as to permit either free or 
restrained rotation of the ball within the 'didder, to 
allow determination of rolling friction. 

9. A device according to any preceding claim, 
wherein the adjusting means comprises a screw to which 
the pendulum pivot is attached, and which is screw- 
mounted in the frame and capable of being locked in 



positi 
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10. A device according to any preceding claim, 
wherein the measuring means comprises a scale placed 
parallel to the plane of the pendulum arc, and a 
pointer which is rotatable about the pendulum pivot to 
follow the pendulum. 

11. A device according to claim 10, wherein the 
pointer is equipped with a holding device, to hold it 
in position when the pendulum arc reaches its maximum 
extent following contact of the ball with the surface. 

12. A device according to any preceding claim, 
wherein the means for holding the ball is adapted to 
hold a tennis ball. 

13. A method of determining the frictional force 
between a games ball and a playing surface, comprising 
the steps of: 

retaining a rigid pendulum at one end to a pivot 
fixed above the surface, allowing the pendulum to swing 
vertically over the surface; 

mounting a ball at or adjacent the other end of 
the pendulum; 

adjusting the height of the pivot above the 
surface, and/or adjusting the position of the ball 
relative to the pivot, in order to ensure contact of 
the ball with the surface over a desired length of the 
lower part of the pendulum swing; 

measuring the extent of the pendulum swing 
following contact of the ball with the surface; and 

determining the frictional force between the ball 
arid the surface based on the measured extent of the 
pendulum swing. 



lA.^^A method according to claim 13 , wherein; 
in said mounting step, the ball is inserted in a 
holder attached to a rigid pendulum by a pivoted shoe; 
in said adjusting step: 

(i) the height of the pendulum pivot above 
the test surface is adjusted so that the moment of 
weight of the shoe/holder/ball only is applied to the 
surface through the ball and a fixed distance is set 
between the shoe and a fixed upper stop; 

(ii) a spring is then fitted to apply a load 
to the shoe such that it is pressed down against a 
lower stop when the pendulum is not vertical and such 
that when the pendulum is vertical the spring becomes 
extended so that an additional force is applied to the 
surface through the ball; and 

(iii) the lower stop is adjusted to give a 
ball/surface contact path of known length as the 
pendulum describes its lower arc; 

in said measuring step, the pendulum is 
raised to a pre -determined height and released so that 
the ball descends towards, then contacts and slides 
along the surface as the pendulum describes its arc, 
and the maximum angle of the pendulum' s swing after 
ball/surface contact is measured by the slave pointer. 

15. A device substantially as hereinbefore 
described and shown in the Figures. 

16. A method substantially as hereinbefore 
described with reference to the Figures . s - 
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